1. Introduction {#sec1-pharmacy-08-00052}
===============

Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults, with over 20,000 new cases each year in the United States \[[@B1-pharmacy-08-00052]\]. CLL typically afflicts older adults, with a median age of diagnosis at 72 years. It is characterized by the proliferation and accumulation of mature B-cells within the blood, bone marrow, and lymphoid tissue and is a disease with a variable clinical course. Historically, the treatment of CLL primarily consisted of cytotoxic chemotherapy in combination with an anti-CD20 monoclonal antibody. In the past several years, important advances in the understanding of the pathogenesis of CLL have led to the development of novel therapies for CLL, resulting in a significant paradigm shift in the treatment approach \[[@B2-pharmacy-08-00052]\].

Ibrutinib, a small-molecule Bruton tyrosine kinase (BTK) inhibitor, was the first orally-administered, targeted agent approved for CLL in 2014. Since then, another BTK inhibitor, acalabrutinib, two phosphatidylinositol-3-kinase (PI3K) inhibitors, idelalisib and duvelisib, and a B-cell lymphoma 2 (BCL-2) inhibitor, venetoclax, have also been approved for CLL \[[@B1-pharmacy-08-00052]\]. Due to this growth in therapeutic options, choosing the optimal treatment for a patient with CLL has become a complex task that requires in-depth knowledge of drug therapy while taking into account patient characteristics such as age, cytogenetics, and comorbidities. The advent of these therapies has also brought with it a new set of practical considerations, including patient adherence, drug--drug interactions (DDIs), toxicity management, supportive care requirements, and medication access.

Pharmacists play a vital role in every aspect of care for patients with CLL. Through collaborative practice agreements, pharmacists can maximize their impact on a multidisciplinary team and take the lead in many of the processes required to guarantee patient success. Prior to the initiation of treatment, pharmacists identify DDIs and relevant drug administration concerns, which is especially important given that CLL patients are often older with several comorbidities and concurrent medications. Oral oncolytics are high-cost treatments, and financial barriers may limit their access to patients. Pharmacists are essential in overseeing medication access to the most appropriate treatment for patients by partnering with medication access specialists (usually technicians) and social workers \[[@B3-pharmacy-08-00052]\]. Often, a strong partnership between clinical pharmacists and specialty pharmacists is necessary to create a closed-loop, patient-centered system. Having pharmacists involved operationally and clinically ensures patients are able to have timely access to and delivery of their drug as well as management of non-adherence and toxicities, which can lead to improved patient outcomes \[[@B4-pharmacy-08-00052],[@B5-pharmacy-08-00052]\]. Pharmacists can also play a key role in educating patients and caregivers on the risks and benefits of treatment options, allowing for shared decision making and increased patient engagement \[[@B6-pharmacy-08-00052]\].

Throughout treatment, pharmacists are well-positioned to address adherence to self-administered oral oncolytics. Pharmacists also ensure that patients receive appropriate infection prophylaxis and adequate monitoring for toxicities associated with each therapy. Each of the different therapeutic options, ranging from the anti-CD20 monoclonal antibodies to various oral targeted agents, have distinct recommendations for infection prophylaxis \[[@B7-pharmacy-08-00052]\]. Tyrosine kinase inhibitors (TKIs), PI3K inhibitors, and venetoclax are all associated with a unique set of adverse effects and monitoring parameters \[[@B1-pharmacy-08-00052]\]. The oncology care team often looks to the pharmacist for guidance when managing toxicities from chemotherapy, including dose modifications, treatment interruptions, supportive care, and even when to consider alternative therapies.

The aim of this review is to highlight the critical role of the pharmacist in the practical management of CLL and to emphasize specific areas in which pharmacists are most valuable.

2. Infection Prevention and Supportive Care {#sec2-pharmacy-08-00052}
===========================================

Pharmacists are uniquely positioned to manage and optimize both parenteral and oral therapies in patients with CLL. Parenteral therapies, including chemoimmunotherapy, as well as oral oncolytics have the potential for various adverse effects, often warranting myeloid growth factor support, infection prophylaxis, and antiemetics. In our practice, the pharmacist has a clinical visit with the patient before treatment initiation. At this visit, the pharmacist is responsible for the initiation of the appropriate prophylactic anti-infective and other supportive care agents to ensure optimal health outcomes.

Infectious complications during CLL therapy can generally be divided into early and late phases \[[@B7-pharmacy-08-00052]\]. In the early period, which occurs in the first months of therapy, persistent neutropenia increases the risk of bacterial infections. This period is typically short-lived with most cytotoxic therapy but can be prolonged with fludarabine-based chemotherapy regimens. Growth factor support can be considered in patients with risk factors for prolonged neutropenia, such as renal or liver dysfunction. In the late period, which can last up to 2 years or more after therapy, T-cell dysfunction may occur, increasing the risk of both bacterial and opportunistic infections, including Listeria monocytogenes, Pneumocystis jiroveci pneumonia (PCP), cytomegalovirus (CMV), herpes simplex virus (HSV), and mycobacteria \[[@B7-pharmacy-08-00052]\].

The necessity for prophylaxis for PCP, CMV, HSV, and hepatitis B virus (HBV) depends on the type of therapy used. [Table 1](#pharmacy-08-00052-t001){ref-type="table"} summarizes the antimicrobial prophylactic recommendations for specific drug therapies. For carriers of the hepatitis B virus (HBV), either chemotherapy or immunotherapy agents can increase the risk of HBV reactivation. Although the risk of HBV reactivation has been reported with oral ibrutinib and idelalisib, patients receiving anti-CD20 monoclonal antibody (mAb)-containing regimens, including rituximab, obinutuzumab, or ofatumumab, are at the highest risk \[[@B8-pharmacy-08-00052]\]. Hepatitis B surface antigen (HBsAg) and core antibody (HBcAb) testing are recommended for all patients receiving anti-CD20 mAb-based regimens. In individuals who test positive for HBsAg and/or HBcAb, baseline quantitative PCR for HBV DNA should be obtained to determine viral load. HBV reactivation monitoring and prophylaxis with entecavir is recommended for high-risk patients receiving anti-CD20 mAb, alemtuzumab, and purine analogs. Lamivudine prophylaxis is not recommended due to the risk of resistance, which occurs in \~20% of patients \[[@B9-pharmacy-08-00052]\]. Patients who receive entecavir prophylaxis have a 15% absolute risk reduction in HBV reactivation compared to those that do not receive prophylaxis (p = 0.027) \[[@B10-pharmacy-08-00052]\]. Finally, recent administration of intravenous immunoglobulin (IVIG) can result in false positive serologies. Therefore, in these patients, it is important to consider repeat or PCR testing \[[@B11-pharmacy-08-00052]\].

Beyond recommending the appropriate use of myeloid growth factor and infection prophylaxis, pharmacists play an important role in preventing and managing chemotherapy-induced nausea and vomiting (CINV). CINV occurs in up to 80% of patients on active therapy and remains a significant barrier to quality of life \[[@B12-pharmacy-08-00052]\]. When uncontrolled, CINV can alter electrolytes and enteral nutrition, leading to detrimental effects on patient adherence and health outcomes \[[@B13-pharmacy-08-00052]\]. The risk of emetogenicity varies depending on drug therapy. Most oral CLL chemotherapies, including acalabrutinib, ibrutinib, duvelisib, idelalisib, and venetoclax, have an emetogenic risk of \<30% \[[@B14-pharmacy-08-00052],[@B15-pharmacy-08-00052]\]. Immunotherapy with alemtuzumab and anti-CD20 monoclonal antibodies (mAbs) have a minimal emetogenic risk. Regimens with cytotoxic chemotherapy such as bendamustine and cyclophosphamide have a higher emetogenic risk. In our practice, pharmacists are often responsible for identifying drugs with emetogenic risk and subsequent management of nausea and vomiting.

3. Oral Chemotherapy Considerations {#sec3-pharmacy-08-00052}
===================================

Oral chemotherapy provides a unique opportunity for patients to receive effective cancer therapies in the convenience of their own home, while also providing pharmacists with the chance to expand services that address unmet needs on the healthcare team. Over the past 5 years, small molecule inhibitors have changed the treatment approach to CLL and underscore the need and opportunities for pharmacist involvement in patient care. By providing services like comprehensive medication management, patient education, and medication access coordination, pharmacists improve health outcomes and patient satisfaction \[[@B4-pharmacy-08-00052],[@B16-pharmacy-08-00052]\].

Comprehensive medication review not only encompasses a detailed medication reconciliation but also allows pharmacists to identify medication-related problems and access issues. One study quantified the impact of pharmacy student-driven medication reconciliation and found that 88% of patients had ≥1 discrepancy on their medication list and 11.4% of patients had a medication-related problem \[[@B17-pharmacy-08-00052]\]. While it is difficult to quantify patient outcomes as a direct result of medication reconciliation, DDIs identified in these encounters can have serious treatment implications. Ibrutinib, venetoclax, and acalabrutinib are small molecule oral chemotherapy agents that are included in the guidelines as preferred first-line treatments for CLL. Each of these agents are metabolized by the cytochrome P450 (CYP) 3A enzyme and thus require dose adjustments for concomitant administration with 3A inducers and inhibitors \[[@B18-pharmacy-08-00052],[@B19-pharmacy-08-00052],[@B20-pharmacy-08-00052]\]. Administration of these agents with interacting medications can result in excessive toxicities or loss of efficacy, both of which negatively impact patient outcomes. DDIs become particularly relevant in CLL, as these patients are often diagnosed in the later part of their lives and are already managing many other comorbid conditions. Additionally, individual agents have specific administration instructions, such as separating acalabrutinb and acid suppressing agents and taking venetoclax with food to optimize medication absorption, which complicates appropriate medication adherence in patients with a multitude of other medications \[[@B18-pharmacy-08-00052],[@B20-pharmacy-08-00052]\]. This further reinforces the importance of pharmacist support for CLL patients on oral therapies.

Patient education and adherence is an integral part of successful oral chemotherapy treatment and is often a collaborative effort among patients, family members, providers, and pharmacists. Successful patient counseling includes the indication, dosing regimen, supportive care, adverse effects, storage, and administration, as well as medication reconciliation \[[@B21-pharmacy-08-00052]\]. One observational study quantified patient satisfaction after an initial pharmacy-led education encounter prior to starting chemotherapy and found that 86% of patients felt that meeting with a pharmacist was "absolutely necessary." Furthermore, 83% of patients stated that they would be willing to pay for this pharmacy-driven service \[[@B4-pharmacy-08-00052]\]. While there is a clear benefit to initial chemotherapy education, adherence and continued follow-up remain significant barriers to optimal health outcomes \[[@B22-pharmacy-08-00052]\].

One study of individuals with chronic myeloid leukemia (CML) found that patients with less than 90% adherence to imatinib only had a 28% chance of achieving major molecular response, as compared to a 94% chance in patients with adherence greater than 90% \[[@B23-pharmacy-08-00052]\]. When a pharmacist is involved in follow-up and adherence management for oral TKIs in CML, adherence improves from 66% to 88% \[[@B24-pharmacy-08-00052]\]. Similarly, a single-center retrospective analysis of CLL and non-Hodgkin's lymphoma patients on ibrutinib demonstrated that poor medication adherence (\<80%) was associated with worse progression-free survival (PFS) in the subset of CLL patients \[[@B25-pharmacy-08-00052]\]. In fact, missing just eight consecutive doses of ibrutinib is an important predictor of PFS and further highlights the need for close follow-up and continuity of care \[[@B26-pharmacy-08-00052]\]. Ensuring appropriate adherence to oral therapies in CLL is a great opportunity for pharmacists to improve clinical outcomes; however, financial toxicity affects both patients and their families and remains a significant barrier to care.

As the medication therapy experts, pharmacists have traditionally played a key role in the acquisition of high cost medications; however, the incorporation of embedded medication assistance program (MAP) pharmacy technicians at our institution has significantly improved medication access. By assisting low-income and uninsured patients in need of high-cost medications, embedded MAP technicians work with clinical pharmacists to minimize treatment delays. This team-based approach to medication access makes sure that prior authorizations, manufacturer assistance, and grant applications are navigated quickly and efficiently in order to minimize financial toxicity and out-of-pocket costs. In order to quantify the financial impact of CLL treatments, Chen et al. developed a model to project the cost of CLL management after the incorporation of small molecule inhibitors into clinical practice \[[@B27-pharmacy-08-00052]\]. The authors estimated that the annual cost of CLL management in 2011, \$0.74 billion, would rise to \$5.13 billion by 2025. Furthermore, they predicted that out-of-pocket costs would increase from \$9200 per patient in 2011 to \$57,000 per patient by 2025 \[[@B27-pharmacy-08-00052]\]. These are unsurprising results given the current lack of defined therapy duration with many oral targeted therapies, and the improved patient response seen with these treatments. The high costs associated with these medications not only place undue stress on patients but also present many logistical challenges for the team during treatment initiation. Our institution-specific medication access which incorporates pharmacists and pharmacy technicians is outlined below ([Figure 1](#pharmacy-08-00052-f001){ref-type="fig"}). Pharmacists are vital in helping to navigate these obstacles and guarantee patients receive affordable and timely access to treatment.

4. Managing Toxicities of B-Cell Signaling Inhibitors {#sec4-pharmacy-08-00052}
=====================================================

Common venetoclax toxicities include myelosuppression, increased infection risk, and development of tumor lysis syndrome (TLS). Management of these toxicities includes dose interruptions and reductions, neutrophil growth factors, and supportive care TLS medications such as allopurinol, phosphate binders, and intravenous (IV) fluids. Pharmacists can play a role in managing each of these toxicities. In contrast, Bruton kinase inhibitors (ibrutinib and acalabrutinib) have additional adverse effects, including increased rates of hypertension, bleeding, and development of new atrial and ventricular arrhythmias \[[@B28-pharmacy-08-00052],[@B29-pharmacy-08-00052],[@B30-pharmacy-08-00052]\]. Pharmacists can help with educating the medical team and the patient about the importance of monitoring for these toxicities in order to make early referrals to a cardiologist.

Ibrutinib-induced hypertension was reported in only a modest amount of patients during clinical trials; however, emerging data suggest that this rate may be significantly higher than initially reported \[[@B31-pharmacy-08-00052]\]. A recent single-centered retrospective review examined the incidence of new or worsened hypertension (defined as systolic blood pressure (SBP) \>130 mm Hg) in 562 patients who received ibrutinib \[[@B30-pharmacy-08-00052]\]. The authors found that 78.3% experienced new or worsened hypertension, with 17.7% of those experiencing grade 3 hypertension (SBP \>160/100 mm Hg). Furthermore, they found a correlation between the incidence of major adverse cardiac events (MACEs) and new or worsening hypertension. While these adverse effects can be mitigated with antihypertensive therapies, it is important to note that no specific anti-hypertensive agent was found to be superior in managing ibrutinib-induced hypertension. Therefore, pharmacists can play a vital role in selecting the most appropriate anti-hypertensive agent for managing ibrutinib-induced hypertension while considering underlying comorbidities such as heart failure, diabetes, or renal artery stenosis. For example, beta-blockers, angiotensin-converting enzyme (ACE)-inhibitors or angiotensin II receptor blockers (ARBs), and calcium channel blockers can be preferentially used in patients with prior myocardial infarction, diabetes, and angina, respectively. Conversely, it is prudent to avoid certain agents in high-risk populations, such as ACE-inhibitors or ARBs with renal artery stenosis or calcium channel blockers in decompensated heart failure. Because of their medication-related expertise, pharmacists are able to choose the optimal anti-hypertensive agent to manage both ibrutinib-induced hypertension and other comorbidities.

Ibrutinib also increases the risk for bleeding, including both minor bleeding, such as bruising and epistaxis, as well as life-threatening major bleeds. Depending on the study, the rates of bleeding range from 7% to 56% for all grades or 1% to 19% for grade 3 and above \[[@B29-pharmacy-08-00052],[@B32-pharmacy-08-00052]\]. As there are currently no therapies for the treatment of ibrutinib-induced bleeding, the recommended management strategies aim to prevent and reduce the risk of bleeding \[[@B33-pharmacy-08-00052]\]. One retrospective analysis conducted in 70 patients identified several predisposing risk factors for increased bleeding \[[@B32-pharmacy-08-00052]\]. These risk factors included international normalized ratio (INR) \>1.5, hemoglobin \< 12 mg/dL, use of interacting medications, and use of antiplatelet and/or anticoagulation agents. In high-risk patients, pharmacists are well suited to facilitate multidisciplinary discussions between a patient's cardiologist and oncologist on the risks and benefits of continuing antiplatelet or anticoagulation therapy in patients with cardiac stents or venous thromboembolisms, respectively. Pharmacists can also play an important role in the identification of medications that may interact with ibrutinib or various anticoagulation and antiplatelet agents through a comprehensive medication review process. In addition, they are able to identify over-the-counter medications, vitamins, and supplements that may increase the risk of bleeding. These agents can range from nonsteroidal anti-inflammatory drugs and high-dose steroids to fish oils and vitamin E. Pharmacists can provide vital knowledge on how to prevent drug--drug and drug--disease interactions in these patients.

Although incidence of ibrutinib-induced atrial fibrillation is low (\~6%), it poses a unique challenge of balancing bleeding and thrombosis risk, since systemic anticoagulation is a risk factor for ibrutinib-induced bleeding \[[@B32-pharmacy-08-00052],[@B34-pharmacy-08-00052]\]. Additionally, given the median age of CLL diagnosis, most patients who develop atrial fibrillation would benefit from anticoagulation for stroke prevention. In the absence of clinical evidence supporting the use of a specific anticoagulant, emphasis must be placed on identifying patients who are at higher risk for developing atrial fibrillation and bleeding. Patients with pre-existing hypertension, heart failure, diabetes, obesity, valvular heart disease, and chronic obstructive pulmonary disease may have an increased risk for developing atrial fibrillation, while patients with underlying coagulation disorders or anemia may be at greater risk for bleeding \[[@B35-pharmacy-08-00052]\]. Firstly, pharmacists may assist oncologists with making initial treatment decisions for CLL based on patient risk factors and identifying patients who are better candidates for alternative CLL therapies, such as venetoclax, based off their comorbidities or other indicated concomitant medications. Secondly, pharmacists are able to provide comprehensive medication reviews, which help to prevent any potential DDIs with common rate and rhythm control agents, including diltiazem, verapamil, and amiodarone. Lastly, pharmacists in states with collaborative practice agreements may also assist with closer clinical monitoring by conducting independent follow-up visits with high-risk patients and order labs and medications where appropriate.

5. A Pharmacist-Led Program for Venetoclax Ramp-Up {#sec5-pharmacy-08-00052}
==================================================

As described thus far, CLL treatment has become increasingly complex and provides incredible opportunities for pharmacist intervention. In a clinic setting that allows for pharmacists to be intimately involved in patient care, pharmacists can develop programs around management of these complex regimens. One particular scenario in which pharmacists are particularly invaluable is in initiation of venetoclax for CLL, and here, we report a program designed at our institution for pharmacists leading in initiation and monitoring of venetoclax.

When venetoclax was first studied in the phase 1 setting in relapsed/refractory patients, significant clinical sequelae were noted in several patients, including a death associated with TLS \[[@B36-pharmacy-08-00052]\]. When venetoclax was studied thereafter, a dose-escalation period with close monitoring was utilized alongside prophylactic allopurinol, resulting in successful reduction of adverse events associated with TLS \[[@B37-pharmacy-08-00052]\]. Venetoclax prescribing information outlines a five-week ramp-up period for CLL, with a specific set of requirements for the safe initiation of venetoclax \[[@B18-pharmacy-08-00052]\]. These recommendations are further complicated when venetoclax is used in combination with an anti-CD20 mAb. The need for such intricate monitoring and careful design of a treatment plan is what sparked the need for a pharmacist-led venetoclax ramp-up program. Some important aspects of this program are highlighted below ([Figure 2](#pharmacy-08-00052-f002){ref-type="fig"}).

5.1. Treatment Initiation {#sec5dot1-pharmacy-08-00052}
-------------------------

At our institution, any patient being considered for initiation of a venetoclax-containing regimen will immediately be seen by the clinical pharmacist. The first step in the process is to determine appropriate TLS prophylaxis ([Table S1](#app1-pharmacy-08-00052){ref-type="app"}). Along with a complete blood count (CBC) with differential and comprehensive metabolic panel (CMP), cross-sectional imaging should be scheduled as soon as possible in order to assess lymph node size. A prescription for allopurinol 300 mg daily must be sent to the patient's pharmacy with instructions to start this medication at least 3 days prior to treatment initiation. After TLS prophylaxis, the next step is to establish the patient's anti-infective regimen ([Table 1](#pharmacy-08-00052-t001){ref-type="table"}).

Prior to treatment initiation of venetoclax at our institution, a venetoclax prescription is sent to our institutional specialty pharmacy, which notifies a group of embedded MAP technicians to begin the process of access investigation. A member of the pharmacy team then instructs the dispensing specialty pharmacy to send the venetoclax starter pack directly to our institution's cancer hospital infusion pharmacy in order to allow efficient facilitation of the weekly ramp-up by the clinical pharmacist. The clinical pharmacist will see the patient to provide education prior to treatment initiation. Counseling the patient on the venetoclax-containing regimen should include a focus on dosing, administration, adherence, and the medication access process, as well as an overview of adverse effects. At this visit, a comprehensive medication review and identification of interacting medications is essential. If a patient is on concomitant interacting medications, the pharmacist is responsible for developing a plan to wash out/switch medications as necessary.

Patients must also be educated on TLS and the critical importance of adhering to allopurinol and adequate hydration. Patients should be advised on the logistics of TLS monitoring during the ramp-up phase. After TLS risk has been assessed, the pharmacist will create a calendar to assist in scheduling and to ensure patient understanding of monitoring requirements ([Figure S1](#app1-pharmacy-08-00052){ref-type="app"}). If a patient is considered high-risk, the pharmacist and provider work with the oncology nurse navigator to schedule a 48-hour admission during week 1 and week 2 dose ramp-ups. In this case, the inpatient clinical pharmacist will facilitate retrieving the venetoclax supply from the cancer hospital pharmacy for inpatient use.

5.2. Scheduling and Ramp-Up Monitoring {#sec5dot2-pharmacy-08-00052}
--------------------------------------

The clinical pharmacist is the liaison for logistical needs during the dose-escalation period and works closely with the schedulers and nurse navigators to plan the entire ramp-up ([Figure 2](#pharmacy-08-00052-f002){ref-type="fig"}). The patient calendar is adjusted accordingly for recommended scheduling based on CLL regimen/TLS risk ([Table S2](#app1-pharmacy-08-00052){ref-type="app"}). With or without a provider appointment, weekly appointments with the clinical pharmacist are necessary to ensure that the patient receives the correct venetoclax dose pack. On the same days of these appointments, the patient has a scheduled visit at the infusion center, where IV fluids or other supportive transfusions can be administered if needed. For nursing and patient convenience, laboratory draws should occur as early in the day as possible.

During the ramp-up phase, the clinical pharmacist evaluates the patient's weekly CBC and CMP. If these indicate that the patient is dehydrated, they will receive IV fluids and will be re-educated on the importance of drinking 6 to 8 glasses of water daily. If laboratory values indicate concern for TLS, the pharmacist will manage the patient as clinically necessary (e.g., IV fluids). Once the laboratory values are within normal ranges, the pharmacist will provide the subsequent dose pack to the patient. In addition to these steps, the clinical pharmacist will conduct a comprehensive assessment during each ramp-up appointment. During these times, the pharmacist will evaluate adverse effects, identify supportive care needs, review and update the patient's medication list, and re-emphasize important drug and disease counseling.

Since the pharmacist is acutely aware of how well the patient is tolerating each ramp-up dose, they are ideally positioned to coordinate delivery of the final ramp-up dose. Typically, during week 3 of the ramp-up, the pharmacist coordinates the home delivery of the week 5 ramp-up dose. This planning ensures that when the patient is ready to start venetoclax 400 mg, the prescription will be in the patient's possession.

6. Conclusions {#sec6-pharmacy-08-00052}
==============

Pharmacists play an integral role in the comprehensive management of patients with CLL. Their unique perspective and medication-related expertise add value throughout the continuum of care. From providing chemotherapy education and comprehensive medication management to conducting independent clinical follow-up visits, pharmacists are well-positioned to take the lead in many aspects of care for these patients. Through collaborative practice agreements and by working alongside physicians, advanced practice providers, nurses, and other support staff, pharmacists are able to practice at an elevated level and utilize the full extent of their training. CLL is a malignancy in which pharmacist collaboration is imperative given the numerous toxicities, DDIs, and logistics of initiating oral agents. Many of the processes in which pharmacists have the greatest degree of involvement at our institution are highlighted here and may be adapted to other institutions and practice settings.

The following are available online at <https://www.mdpi.com/2226-4787/8/2/52/s1>, Figure S1: Venetoclax initiation calendar, Table S1: Recommendations for TLS prophylaxis for CLL patients (per package insert), Table S2: Scheduling venetoclax and obinutuzumab ramp-up in CLL.
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###### 

Infection prophylaxis with chronic lymphocytic leukemia (CLL) therapies.

  --------------------------------------------------------------------------------------------------------
  Agent                   HSV and Varicella \*   CMV                HBV                  PCP
  ----------------------- ---------------------- ------------------ -------------------- -----------------
  Acalabrutinib           No                     No                 No                   No

  Duvelisib               No                     Consider           No                   Yes \*\*

  Ibrutinib               No                     No                 No                   Consider \*\*\*

  Idelalisib              No                     Consider           No                   Yes

  Venetoclax              No                     No                 No                   No

  Purines, Bendamustine   Yes                    Consider           No                   Yes

  Anti-CD20               No                     No                 Yes\                 No
                                                                    (HBsAg+ or HBcAb+)   

  Alemtuzumab             Yes                    Yes\               No                   Yes
                                                 (weekly CMV PCR)                        
  --------------------------------------------------------------------------------------------------------

\* Consider valacyclovir 500 mg daily for high-risk patients (e.g., elderly or recent history of herpes or shingles reactivation). \*\* Pneumocystis jiroveci pneumonia (PCP) prophylaxis with sulfamethoxazole/trimethoprim or equivalent during treatment and until the absolute CD4+ T-cell count is \>200 cells/uL. \*\*\* PCP prophylaxis may not be warranted given the low risk of PCP.
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